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Abstract 
Algeria is facing a constant increase in waste production nationwide. This increase is not only a consequence of population 
growth, but also a result of ever changing production and consumption modes coupled with an evolution in living standards. 
Algerian political authorities have chosen Technical Landfill Centres as a competitive and safe technique if it is well-conceived 
by the rule book, regarding other options of waste management.  
Our research work aims at determining the optimum conditions of urban solid waste landfill. The study presented in this paper is 
based on an expertise performed in a Technical Landfill Centre (TLC) which is owned by two local councils and situated 
between two towns in the territorial division of Naama. Input waste has been analysed physically and chemically as well as 
leachates (BOD5, COD, heavy metals ...). Elements characterisation was performed according to the MODECOM protocol           
(a protocol of waste characterisation adopted by the French Environment and Energy Management Agency ADEME) which 
distinguishes 3 fractions distributed according to their sizes: big >100 mm, medium:   100 -20mm, fine < 20mm, and 13 
categories (organic matter, paper, cardboard ...). 
Sampling was realised directly from waste disposals entering the TLC of Touadjer with respect of different areas of waste 
collection. These sampling operations were repeated for three areas of collection belonging to two local councils at the rate of 4 
campaigns in two years (2012-2103) spread over the four seasons. 
 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction  
In Algeria, environment is under intense pressure regarding the field of local waste management, especially when 
it comes to the malfunction of services in charge of household waste in Algeria’s largest cities which has led us to 
public health problems. Equipments for local waste management do not meet local communities’ needs.         
* Corresponding author. Tel.: +213555846766; fax: +21349795240. 
E-mail address:okachayoub@yahoo.fr 
 
 
© 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of the Euro-Mediterranean Institute for Sustainable Development (EUMISD) 
 Youb okkacha et al. /  Energy Procedia  50 ( 2014 )  662 – 669 663
We have listed 4100 vehicles which include 267 packer trucks and 3833 vehicles of different makes used in 1541 
towns. Regarding human resources, staffs are decreasing. Agents’ numbers went down from the average of one 
agent for every 500 inhabitants in the year 1980 to one agent for every 1500 inhabitants in 2005 [1]. 
On top of these constraints, we have to add the fact that large numbers of managing waste staffs are not skilled 
enough. Out of 20000 agents nationwide, they are only 4% who can be considered as skilled ones in towns and only 
7 to 10% of in larger cities [2]. 
In practical terms these difficulties gave birth to thousands of uncontrolled landfills. Hence, major problems faced 
by local authorities in order to keep their towns and cities clean. 
Since 2002, many financing means [3] were allocated and have allowed major projects to take place such as: 
Carrying many planning programs to manage household waste and similar refuses in administrative and town 
centres; building technical landfill centres, waste reception centres and waste sorting centres; gaining means to run 
infrastructures, to collect and carry different kinds of wastes.        
During the time period between 2001 and 2006, investments reached nearly 25 billion Dinars in terms of 
registered operations while the five-year plan (2005-2009) aimed to support the economic growth has allowed 36 
billion Dinars (386 billion Euros) for the environmental sector among which 50% are devoted to manage household 
and special wastes. Many other projects are in setting up or execution stages [4]. 
Landfill is among the most developed waste management techniques during the last few years. Indeed, storing 
wastes has contributed in granting these kinds of equipments, coined “Technical Landfill Centres” (TLC), a status of 
a high-performance tool in removing wastes with a noticeable care of the environment (ADEME, 1999). 
In accordance with new rules and regulations [5], especially the law no01-19/2001, the Algerian government has 
chosen the aforementioned technique because it is relatively easy to put it in place compared to other types of 
processes such as incineration or composting. 
Therefore, an ambitious program of building TLCs was launched since 2002. Up to this date no less than 79 were 
already achieved or nearing completion [6].  
This research work aims at presenting a diagnosis of what is done so far in a set of cities belonging to the same 
administrative territorial division in the Algerian high plateaus region with respect to the field of managing urban 
solid waste using landfill techniques during 03 years since the first running of a technical landfill centre shared 
between two local councils.  
The aimed diagnosis will be done according to some parameters which we believe are relevant enough to let us 
perform an environmental impact assessment of the surroundings.   
2. Area of study 
The territorial division of Naama is situated in the far western south of Algeria (fig.1). It belongs to the Algerian 
high plateaus region with an area of 29.514,14 km² which means 1.2% of the country total area.        
209,470 inhabitants live in this region (2008 population census); out of which Mecheria and Naama cities 
populations represent 40.5%[7]. These two cities have noticed a demographical growth ratio of 3.1% per year in 
2008. A population increase which was accompanied with an increase in household consumption, hence a great 
growth of waste production [8]. 
Gathering and carrying household waste in Mecheria and Naama are managed by the local council cleansing 
department which is attached to the authority in charge of managing the local park, road and waterways network, 
public lighting and maintenance. 
The Technical Landfill Centre which is jointly run by the two local councils of Naama and Mecheria is situated at 
the place called Touadjer. This centre began receiving wastes coming from the two cities on the 1st November 2010 
bearing an overall inhabitants’ number of 100000. It is driven by a public company created in 2009 by virtue of a 
ministerial decision which grants the centre an industrial and commercial status. Touadjer Centre is situated between 
the two cities within a 15 km radius of each one of them. It has an area of 23 hectares, among which 20 hectares are 
destined to landfill operations. 
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Fig. 1. Map of the area of study 
The Centre’s ground is bowl-like with a gentle slope of 0 to 3% and a difference in height that does not cause any 
major risks of erosion. Landfill cells are located at an average altitude of approximately 1100 metres.          
The formations’ lithology consists of limestone, limestone gravel, dolomite, marl, clay, silt and sand. 
A landfill cell that has a volume of approximately 60000 m3 (140 x 60 x 7 m) is built and sealed on its bottom and 
sides with an HDPE geo-membrane 2 mm thick. It is also covered with a protecting geotextile membrane which has 
a density that equals 1 200 g/m2. 
Drainage system consists of HDPE pipes with diameters of 300 mm and protected by geotextile filters.          
The aforementioned landfill cell is working since the first set up of the centre (fig. 2). 
The overall amount of wastes received per day is nearly 50 tons. So if we consider that this amount is about 80% 
of the total waste production of the whole population, we can estimate the average production per head and per day 
as equalling 0,4 et 0,5 kg[9]. 
 
Fig. 2. Location map of Touadjer Landfill (Google Earth®) 
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The hydrography of the area of study, which is characterised by some wadis draining south-Oranian high plains, 
is not that important. 
These little wadis finish their course either into Salinas with land-locked basin where water is evaporated after 
having deposited mineral salts contained in it; or into high lakes called Dayas formed on permeable soils where 
water can seep through and flow underground towards great temporary salt lakes called Chotts, or within permeable 
levels of the substratum [10].  
Naama has a continental semi-arid climate with a very hot summer and a very cold winter punctuated by 
relatively mild periods during autumn and spring.  
Recoded temperatures are between 2 °C and 33 °C. Table 1 below indicates mean values of maximum and 
minimum temperatures, and rainfall during 10 years [11]. 
Table 1. Annual mean temperatures according to rainfall accumulations (ONM*, 1999-2012) 
Year 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 
T max (°c) 23,32 23,48 26,55 23,12 22,64 22,5 22,73 24,11 23,83 23,51 22,93 23,41 27,18 23,97 
T min (°c) 11,43 11,12 13,93 11,65 11,88 11,5 11,33 10,45 10,18 9,658 9,916 10,12 11,63 10,13 
T mean (°c) 17,38 17,3 20,24 17,39 17,26 17 17,03 17,28 17,01 16,58 16,42 16,77 19,41 17,05 
Rainfall (mm) 233 195 97 200 299 210 256 176 253 381 245 177 234 338 
Annual rainfall is very poor (an average between 100 and 400 mm) which has usually a stormy character and a 
great month-to-month and year-to-year variability. 
Monthly mean rainfall rarely exceeds 30 mm, happening usually between November and March. Concerning 
driest periods (less than 20 mm), they occur normally in June, July and August.  
3. Material and Methods 
Our parameters in this research work are the following:  
Concerning solid urban wastes, we selected: physical and chemical characterisation, density, humidity, and water 
holding capacity. 
For leachate: chemical composition and pollution parameters.  
In order to determine physical characteristics of wastes, the method we followed allowed us to assess beforehand 
their potential risk on the receptor medium, and to choose the appropriate and optimum treatment mode. 
For a good representativeness of samples, we selected them among different sectors at random (each truck 
belongs to a well-defined sector). 
Waste amounts for every operation were about 500 kg.  
We sorted samples in an open place using a wooden sorting table of 2 x 1 m with 2 screens of 100 and 20 mm 
(rounded meshes) and a recovery tank for fine elements that are less than 20 mm. 
We have sorted nine categories, namely: putrescible wastes, paper and cardboard, textiles, plastic, glass, 
unclassified fuels (UF), unclassified non-flammable materials (UNM), special wastes and fine elements. 
The modified MODECOM standard has been used in this regard (fig. 3) and allowed us to determine 4 fractions 
of grain sizes: > 100 mm; between 20 and 100 mm; between 10 and 20 mm and< 10 mm(fig. 4). 
Site expertise has lasted one year during which 4 sampling and analysis campaigns were carried out and 
completed between September 2012 and October 2013[12]. 
After having determined grain sizes fractions of urban solid wastes, we have performed chemical analysis on 
every fraction in order to measure the following parameters: organic matter measured by loss of ignition at 550o C, 
humidity and dry matter through drying in an oven at 80oC.  
Identifying leachate composition and surveying its evolution were achieved via chemical analysis. The goal 
aimed in fine was the determination of organic matter, mineral matter, pH parameter, COD, BOD5, carbon content, 
nitrogen, potassium, chlorine, sulphur, heavy metals, and hydrocarbons. All different protocols comply with 
8288/1986 iso-standards [13]. 
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Fig. 3. Protocol sort of a sample of incoming waste 
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4. Results and Interpretations 
 
4.1 Physical Characteristics of input wastes 
Category sorting of each fraction (big, medium, small and fine) enabled us to obtain input wastes composition 
inside the technical landfill centre. This was a first experimental assessment of wastes coming from the two cities. 
We have presented the obtained results in terms of mass percentages against overall mass of sampled raw wastes.               
From the perspective of the size of waste destined for landfill, the results obtained during the various campaigns 
show a slight difference between the two cities (see tables 2, 3 and 4). We note also a predominance of medium 
sized waste (between 20 and 100 mm) in the two areas with a fraction varying between 66 and 90%. 
Table 2. Composition of urban solid wastes coming to Touadjer’s TLC according to grain size (Statistical mean of the obtained results – Low 
ranking) 
Sites Naama  Mecheria  
Granulometry ޓPP ޒPޒPP ޒPP ޓPP ޒPޒPP ޒPP 
Categories % % % % % % 
Putrescible - 90.38 - 11.53 76.52 - 
Paper/cardboard 12.25 1.57 - 8.13 5.5 - 
Textile 41.29 - - 20.54 9.45 - 
Health Textiles  - 2.86 - 32.03 / - 
Plastic 31.61 3.01 - 24.12 4.43 - 
Metals - - - -  - 
UF - - - 0.59 0.075 - 
Glass, Brick, Sand - - -   - 
Special Wastes 7.41 0.57 - 1.79 0.93 - 
Samples 
(kg)
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Fine Elements - - -   - 
 
 
Table 3.Composition of urban solid wastes coming to Touadjer’s TLC according to grain size (Statistical mean of the obtained results – Medium 
ranking)  
Sites Naama (Medium ranking) Mecheria (Medium ranking) 
Granulometry ޓPP ޒPޒPP ޒPP ޓPP ޒPޒPP ޒPP 
Categories % % % % % % 
Fermentable 4.77 73.38  5.68 83.79  
Paper/cardboard 22.61 3.22  6.59 2.11  
Leather       
Health Textiles  4.14 1.41     
Plastic 14.96 8.31  13.63 2.74  
Textile 34.39 4.63  67.27 6.98  
Metals       
Wood 0.95 1  0.9 0.24  
Brick  1     
Glass  5.04   1.62  
Batteries  0.2   0.12  
 
Table 4. Composition of urban solid wastes coming to Touadjer’s TLC according to grain size (Statistical mean of the obtained results – High 
ranking) 
Sites Naama (High ranking) Mecheria (High ranking) 
Granulometry ޓPP ޒPޒPP ޒPP ޓPP ޒPޒPP ޒPP 
Categories % % % % % % 
Fermentable 3.58 76.37  13.23 66.91  
Paper/cardboard 18.56 3.97  28.24 6.16  
Leather 3.9    0.62  
Health Textiles  5.53 1.76  12.97 2.01  
Plastic 18.89 8.38  36.89 11.32  
Textile 47.23 2.64  3.81 2.01  
Metals       
Wood 1.3 0.44   0.75  
Brick  2.64     
Glass  1.1  2.54 4.52  
Batteries  0.22     
 
Regarding waste composition, putrescibles represent the most important fractions. We have found very little 
fractions of metals and scrap irons because these kinds of wastes are recovered at source. 
The proportion of putrescibles for the two cities varies from 76.5% to 90.4% for the low ranking area which 
includes peripheral residential area, and from 73.4% to 83.8% for the medium ranking area characterized by the 
existence of collective and individual housing, public equipment and shops. Concerning the high ranking area its 
results are varying from 66.9% to 76.3%. This area includes the city centre, which represents the core of the city 
textile trade and hotels, etc. These latter results show that the factors of the area of study have significant effects on 
the surroundings and the intimate interactions between climate and diet, as for instance the highest rates of pulses 
and pasta consumption in this region. 
The proportions of waste packaging (plastics, paper and cardboard) and textiles are comparable for fractions up to 
100 mm. These kinds of wastes are progressively increasing in a perceptible way in both cities. 
To determine the density of the incoming waste, measurements were carried out using two methods. The first was 
to weigh containers with volumes of 240 litres. The calculation was performed on a statistical average of twenty 
measurements. For the second method, the measurements are performed directly on trucks after weighing using the 
weighbridge [14]. The density of the incoming waste is between 0.41 and 0.52 Tm- 3. 
The waste moisture (H %) is quite high for both cities. The statistical average of moisture for all fractions is of the 
order of 52 % and 53.5% for the incoming waste of Naama and Mecheria respectively. 
The organic matter content in the putrescible fractions remains dominant for both cities. It is much more 
significant for fine elements (<20 mm): 70% for Naama, and only 58% for Mecheria. We believe that these results 
are in agreement with the geographical location, the climate, seasons, population living standards and diet.       
We have found that these factors favoured higher rates of putrescibles, hence higher moisture contents. 
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In order to be able to calculate the waste ability to retain or release water in storage conditions (storage capacity), 
we have put a quantity of raw waste in barrels of 100 litres. Water is injected into a drum until complete immersion 
[15]. The amount of naturally released water over several periods of time (1 hour, 10 hours, 24 hours, 48 hours, etc..)  
was calculated until water ceased flowing definitely .   
The various tests on incoming raw waste to the TLC gave a retention capacity which varied between 24 and 28% 
for Naama, and about 30% for Mecheria. 
 
4.2 Chemical analysis and pollution parameters 
The chemical composition of leachate is specific to each discharge. In fact, it varies closely with the nature and 
age of the landfill, the waste type and degree of decomposition, the method of disposal, the nature of the landfill and 
climate conditions [16]. Leachate from the Touadjeur’s TLC is black. Mean values of physicochemical parameters 
calculated during the year 2012-2013 are summarised in Table 5.  We notice that leachate shows a diverse and high 
polluting potential. The average values of parameters such as: pH and MS are respectively 8.1 and 1614 mg/l.          
This shows, firstly, the basic character of landfill leachate and secondly, its strong inorganic and organic filler 
[17].Regarding the organic load, the mean levels of COD and BOD5 are respectively 15035.8 and 627 mg O2/l, with 
a BOD5/COD ratio of 0.04. This indicates that leachate and landfill are considered intermediate phase or an end one 
[18, 19, 20]. 
 
Table5.  Physicochemical analysis of leachate 
Parameter average value 
Temperature (°C)                                                23,5 
pH                                                                            8,1 
electrical conductivity (mS/cm)                    20,4 
dissolved oxygen (ppm)                                        8,3 
Salinity (mg/L)                                                        7,8 
MS  (mg/L)                                                          1614 
COD  (mg O2/L) 15035,8 
BOD5 (mg O2/L)                                                627,5 
BOD5/COD 0,04 
Cu (mg/l)                                                      <0,1 
Pb (mg/l)                                                      <0,2 
Cr (mg/l)                                                        0,6 
Ni (mg/l)                                                        0,8 
Zn (mg/l)                                                             0,4 
Fe (mg/l)                                                       5,5 
 
The analysis of the composition of heavy metals in leachate highlighted the important metal loading of these 
leachates. Iron is the most abundant metal (5.5 mg/l). This is likely due to the fact that the landfill receives wastes 
containing iron; toxic metals have relatively higher levels with 0.8 mg/l for nickel, < 0.1 mg/l for copper and 0.6 
mg/l for chromium. In Algeria , standards have not yet been established for landfill leachate, but we referred to the 
current standard of industrial liquid effluent discharges [21], since the leachate are comparable to complex industrial 
discharges [22]. This standard is 0,5 mg/l for nickel, and 0.5 mg/l for copper [21] while values of the international 
standard, are 0.013 mg/l for nickel, 0.07 mg/l for copper and 0.01 mg/l for cadmium [23]. As it is noticed, our 
studied leachate shows contents of  nickel and copper well beyond the Algerian and American standards. 
5. Conclusions and recommendations  
Technical Landfill Centres (TLCs) are sets of facilities which constitute objects of particularly developed 
engineering studies. Their lifetime exceeds largely the end of their operational life. Waste Stabilisation, namely their 
evolution towards a definite and unchanging physicochemical state, starts once these wastes are deposited and it 
usually continues during many decades.  
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The expertise perfomed both in Naama and Mecheria helped us to highlight the kind of difficulties associated 
with design and operating conditions of the two areas of study. These difficulties can be summarized as follows: 
&ORJJLQJGUDLQVRIODQGILOOFHOOV39&GUDLQVDUHclogged or broken  under waste weight because of small numbers 
of holes. Added to that the drainage blanket, made up of crushed gravel which consists mainly of limestone, as it 
gets in touch with leachate, it creates a thin layer which reduces the drainage process. 
6XE-sizing retention basins and absence of leachate treatment before discharge into the environment. 
Among the recommendations we suggest for an efficient and continuous management of TLCs, we can say the 
following: 
8VHRI+'3(GUDLQVWKDWKDYHGLDPHWHUVJUHater than 300 mm and a drainage blanket made up of 30/40-diameter 
rolled up flint. 
6L]LQJOHDFKDWHUHWHQWLRQWDQNVRQWKHEDVLVRIDIXOOZDWHUEDODQFHDQGSODQQLQJOHDFKDWHWUHDWPHQWinside the TLC. 
,QVWDOOLQJSUHVVXUHPHWUHVinside the centre.          
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